In this paper, a new type magnet is proposed and processed to uniform the transverse beam profile. Compeared to the octupole, the new type magnet can prove a similar octupole magnet field in the middle, but the rise rate declines quickly in the edge. So that, a same uniform beam is got with less particles loss. Besides that, a mechanical structure is added to adjust the width of the middle region to satisfy different transverse dimensions, and this whould further reduce particles loss. Some numerical simulations have been done respectively with the octupole and the new type of magnet to show the advantages of the new type magnet.
Introduction
The beam with uniform transverse distribution is required in various applications such as irradiation of targets for isotope production, uniform irradiation of detectors for improved efficiency, irradiation of biologicamples and materials. Many methods have been proposed to get an uniform and well-confined beam. One method to get an uniform beam is using nonlinear optics, this method can get an ideal uniform beam, but it requires a combined magnet that is complicated to process. In practice, the octupole is usually be used to replace the combined magnet, but loss of particles in the halo will be caused. Many people have theoretically studied uniformization of the transverse beam profile with multipole magnets [1] [2] [3] [4] . (1) Where M is the transmission matrix and ( , = 1,2) is the element of M, 2 is the 2n -pole integrated strength of the multipole magnet. Where 0 and are particle density functions at the initial and target, 0 and are beta functions at the initial and target. According to this equation, the particle distribution can be transformed into a different one at the target by using nonlinear magnets.
Usually, the beam has a Gaussian distribution or similar to Gaussian distribution. Replace the initial density function 0 with a Gaussian function and make a Taylor's expansion, the required magnet field is got.
All odd-order nonlinear fields are required to transform an ideal Gaussian beam into a uniform beam. Only use an octupole to prove the nonlinesr field, the effect is not so good, and some particles loss will be caused.
According to the effect and disadvantage of the octupole, a new type of magent is meticulous designed and processed. The field of an octupole increase rises up along the axes while quadrupole magnet field rise up with an constant speed. If a shelding device is set in the middle of a quadrupole, the rise speed can be changed. With this idea, a new type of magnet is proposed. The field in the middle region of the new type magnet is similar to the octupole magnet field, but the rise rate declines quickly in the edge. With this specialty, the beam can be transformed to uniform with less particle loss. Fig. 1 is the photo and structure of the new type magnet.
The magnet consists of four parts: two C-type dipoles, shielding device, and a base. A lead screw is installed on the base to adjust the distance 
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For a beam, as shown in Fig. 6 , the beam is distorted with the effects of dif 
Application
To test the new type magnet, some simulations have been made with the CPHS lattice.
Tracewin code is used in these simulations.
The parameters of the beam are listed in Table   1 , and the β function of the lattice is shown in the Fig. 8 . There are two octupoles located in the lattice which is designed for uniformitarian, and a nonlinear magnet is set in one of the locations. 10,0000 macro particles is used in this simulation, including 1% particles in the halo which has tenfold RMS emittance. As discussed, the beam is flat when passes the nonlinear magnet. We just focus on the x direction in these simulations. The octupole strength can be caculated with the theorey of Yuri et al. [1] . The beam density function is Gaussian. According to equation (1) , it is easy to calculate the required octupole.
In Comparing the two variances, the two distributions can be supposed to have the same uniformity. As discussed, some particles in "tail" will get lost. The number of the lost macro particles is listed in Table 3 . Comparing these dates, there are 77 more particles loss with an octupole. It is another evidence to prove the advantage of the new type magnet. (1) Get the uniform beam with less particle loss.
(2) Adjustable octupole-like region to fit different beam transverse dimensions.
